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METHOD FOR CRYSTALLIZATION OF PROTEINS 
USING POLYSACCHARIDES 



5 Prior Art Relating to Polymers 



Chitosan, alginate and pectin are widely used in various applications of 
biotechnology. Plenty of literature including review type is found of the use of these 
polymers. Part of the publications concerns, the use of the polymers in question in 
10 general (Hirano 1996), whereas others focus on particular application area such as 
product development of drugs (Borchard and Junginger 2001; Singla and Chawla 
2001; Tonnesen and Karlsen 2002). 

The electrolyte nature of these polymers enables preparation of physical hydrogels 
with ions of opposite charge (Hoffman 2002). For example, alginate has been 

15 traditionally used as an additive in drug formulations because of the gel forming and 
stabilizing properties thereof. Alginate and pectin are polyanions and chitosan is a 
polycation. Biodegradable gels formed of these can be used, for example, in such 
drug formulations which regulate drug release is in particular conditions in the body, 
such as in the acid environment of the stomach (Bodmeier, Chen and Paeratakul 

20 1989; el Fattali et al. 1998) or locally in particular tissues such as in articular 
cartilage (Mierisch et al. 2001). Solutions which will form gel only after 
administration in body for example due to body temperature (Chenite et al. 2000) or 
in the acid conditions of the stomach (Miyazaki, Kubo and Attwood 2000) can be 
prepared of those polymers. 

25 Calcium ion has most commonly been used to gel alginate and pectin. Among other 
reagents, trip o lypho sphat e has been used to gel chitosan (Bodmeier, Chen and 
Paeratakul 1989; Janes, Calvo and Alonso 2001). 
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Numerous publications concerning the physicochemical properties, viscosity and 
gelling of these polymer solutions are found in the literature (Desbrieres 2002; Li and 
Xu 2002; Singla and Chawla 2001). Interest in the research of especially c hitosan 
gels has been increasing during last years. The viscosity of chitosan solution 
5 increases with increasing chitosan concentration and deacetylation degree and 
decreasing temperature. However, chitosan is non-soluble in alkaline and neutral pEi, 
which may occasionally set limits to the use of it as such. 

Gels prepared of chitosan and the properties and applications thereof have been 
studied much when developing various pharmaceutical formulations and therapies. 
10 For example, injectable chitin gel has been prepared by acetylating chitosan 
(Gerentes et al. 2002). Because of still increasing interest there has been discussion 
about standardization and directions (Domish, Kaplan and Skaugrud 2001) 
associated with the safe medical use of chitosan and alginate. 

It is generally known in the literature that chitosan, alginate and pectin have been 
15 used in various forms of particles as carriers of drug substances and proteins. For 
example, such orally administered formulation which is controlling drug substance 
release in which the mixture of chitosan and drug substance is granulated or pelleted 
has been patented (Sakkinen and Marvola 2001 patent WO0176562). Also the ion 
complex formed by chitosan and alginate has been used in similar tablets (Takeuctii 
20 et al. 2000). 

Particles or crystals of drug substances have also been encapsulated in small 
microspheres which usually have been hardened by dropping the drug substance 
containing polymer solution dropwise into solution containing the counter-ion 
(Bodmeier, Chen and Paeratakul 1989; Bodmeier and Paeratakul 1989; Takka aixd 
25 Acartiirk 1999). Chitosan has also been encapsulated as an ion complex in glycine 
solution (Kofuji et al. 2001). 

Correspondingly encapsulation of cells (Serp et al. 2000) as well as proteins has been 
perfonned. For example, a lbumin h as b een e ncapsulated i n c hitosan c oated p ectLn 
particles in calcium chloride solution (Kim et al. 2003). Protein encapsulation has 
30 also been performed by incubating protein solution in semi-finished polymer capsule 
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suspension, whereupon the gel contained by the capsules has been filled with protein. 
Tiourina and Sukhorukov (2002) have demonstrated that a-chymotrypsin enzyme 
has preserved its activity in such suspension of alginate-protamin capsules. Also the 
encapsulation of protein crystals in polymer carrier is already known in the prior art 
5 (Margolin et al. 2003 patent US2003 1 75239). 

In addition to gel or particle forming properties, alginate and chitosan or 
modifications thereof have been mentioned to have several other advantageous 
properties, such as antioxidative (Schmidt 2003; Xue et al. 1998) and antimicrobial 
(Huard et al. 2001 patent US6 197322; Jumaa, Furkert and Muller 2002; Kim et al. 

10 1999; Sakurada 1995 patent JP7258972) effects. Because of these properties 
especially chitosan has been proposed to be used among other things as preservative 
or therapeutic material for treating skin and curing wounds. Chitosan has been 
observed to accelerate the curing of wounds by promoting the formation of new skin 
tissue (Singla and Chawla 2001) and activating the defence mechanisms of the body, 

15 such as macrophages (Ueno, Mori and Fujinaga 2001). 

Cation nature gives chitosan a special property related to bioadhesion which has been 
utilized in developing drugs for mucosal administration, containing for example 
insulin or other macromolecule, peptide, protein or DNA (Femandez-Urrusuno et al. 
1999; Janes, Calvo and Alonso 2001; van der Lubben et al. 2001; Takeuchi, 
20 Yamamoto and Kawashima 2001 ; Thanou, Verhoef and Junginger 2001). 

Various applications of these polymers are found a lot, in addition to pharmaceutical 
industry, in food, cosmetic, textile and paper industry. Chitosan has promising future 
prospects, not only as gel or additive, but also as biologically active substance. 
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Some data of protein crystallization has been published as early as the 19th century. 
Crystallization of haemoglobin is described in a textbook of medicin from the year 
5 1853. Protein crystallization grew in 1920s into rapidly extending use. In the 
beginning of 20th century crystallization was used particularly in purification of 
proteins in preparative scale. Over the past decades protein crystallization has been 
developed primarily for studying molecular structures. Good overviews of protein 
crystallization methods and used r eagents have b een published in books edited by 
10 Alexander McPherson (1989), A. Ducruix and R. Giege (1992) and Bergfors, T. M. 
(1999). 

The usage of crystallization for production and medical purposes has proportionally 
decreased while chromatographic purification of proteins has strongly developed. 
Lately new interest has arisen towards protein crystallization method for medical 
1 5 formulation. 

However, most crystallization methods used nowadays in structure research are not 
suitable at all for manufacturing medical products. Crystallization reagents used in 
these methods are physiologically unsuitable and often even toxic. Therefore 
reagents which are as such compatible for an organism and approved in accordance 
20 with pharmacopoeia must be chosen for pharmaceutical crystallizations. Some agents 
are approved for subcutaneous or intravascular injection, some only for use via 
digestive tract. 

Therefore pharmacological acceptability considerably limits the selection of the 
agents usable in crystallization. In the following, some basic types of agents or 
25 conditions are listed and their suitability for pharmaceutical use is considered. 

Inorganic salts, such as ammonium sulphate, sodium sulphate, phosphates, lithium 
chloride, sodium chloride and potassium chloride are used often as very strong 0.5-3 
M solutions which are not pharmacologically acceptable. Alcohols and organic 
solvents, such as methanol, ethanol, iso-propanol and acetone are good crystallizers 
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but toxic. Synthetic polymers, such as numerous different polyethyleneglycols and 
derivatives thereof are limitedly suitable products of synthetic chemistry. In addition 
to these examples, thousands of different reagents and combinations thereof have 
been used for protein crystallization. Very few of these reagents are suitable for 
5 medical use or food processes. 

In the literature it is generally claimed that protein crystallization is difficult and 
requires very high purity of the protein. All the foreign agents, especially other 
proteins and polymers must be removed from the protein solution for crystallization 
to succeed at all. In accordance with this general principle the protein to be 
10 crystallized is purified very thoroughly for example with several successive 
chromatography methods. After the purification some above mentioned reagent is 
added whereupon the protein may crystallize. Tens of thousands methods like this 
have been published in the scientific literature. 

Crystallizations of exemplary proteins used in the present invention have been 
15 described in the literature thoroughly. Abel published (1926) the first crystallization 
of insulin. Later Scott (1934) and Schlichtkrull (1956 and 1960) have published 
several researches of crystallization of insulin. The crystallization of glucose- 
isomerase has been described in patents by Visuri (1987 and 1992) and in scientific 
publication by Vuolanto et al. (2003). Torronen A. et al. (1994) have described the 
20 crystallization of xylanase. 



Crystallization in Gels 



Preparation methods in gel for single large protein crystals needed in x-ray 
25 crystallography have been described in their publications by Robert, M. C. ja 
Lefauchcheux, F. (1988) and Robert, M. C. et al. (1992). With the described methods 
proteins are crystallized together with silica gel or agarose gel. In these methods gels 
do not act as a crystallization reagent but on the contrary their role is primarily to 
control and slow down too fast formation of crystals. The crystallization of proteins 
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is performed by adding crystallization reagents into the mixture in accordance with 
prior art. 



Differences between the Present Invention and Prior Art 

5 

In the prior art said polymers are used generally to the encapsulation or stabilization 
of protein particles or crystals among other things during drying. The present 
invention relates only to such a method and product form which are based on gel or 
solution of polymers. The objective of the method of this invention is not to 
10 encapsulate proteins, but on the contrary the crystals are free as such in the solution 
of polymer or in continuous uniform gel. Crystal suspensions in accordance with the 
invention are not dried. 

Crystallizations of proteins or polypeptides performed with polymer solutions or gels 
thereof in accordance with the present invention are not known in the prior literature. 
15 Non-capsulated product in accordance with the invention is, as such, useful uniform 
mixture of crystalline macromolecule and viscous solution or gel, which can also be 
stored as being uniform without mixing and can be fed with moderate pressure 
through a capillary. 

The objectives in accordance with the invention are mixture conditions in which the 
20 natural properties of the proteins remain unchanged. This objective is promoted by 
the fact that the physical environment of the crystalline protein is very similar to the 
environment of the soluble protein. 

The present invention differs in its essential parts from the prior art in which gels are 
used as a tool in crystallization. With the known methods in question the proteins are 
25 tried to be crystallized very slowly so that as few crystal nuclei as possible are 
formed. Then single large crystals are able to form. In the described methods two 
separate phases of the gel and protein solution are formed which are in contact with 
each other. In these techniques crystallization is brought about specifically by adding 
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previously known reagent that causes the crystallization of protein into the gel phase. 
Crystallization takes place slowly when reagent and protein are mixed by diffusion. 
Gel forming agents in the prior art are different than the polymers which are in 
accordance with the present invention. 

5 In the technique described in the literature the agents used for gel formation do not 
act independently as crystallizing reagents. They are specifically desired to be as 
inert as possible and reacting with the protein to be crystallized is considered as a 
disadvantage. 

In accordance with the present invention the polymers and the protein to be 
1 0 crystallized are mixed rapidly with each other and the crystallization occurs evenly in 
the whole mixture. Optionally previously formed crystals are mixed with these 
polymers. Gel formation is not essential prerequisite to the utilization of this 
technique. 

In accordance with the present invention polymers can be essential agents in the 
15 formation of crystals. In many of the following examples polymer or hydrolysate 
thereof is absolutely essential reagent in producing crystals. It can be concluded that 
these polymers take part in the crystallization in many ways. This conclusion is 
supported among other things by the surprising observation that in polymers, 
completely different shape and in average different size protein crystals are 
20 developed than those of the same proteins when crystallized with the prior art. 



25 



7 



WO 2005/073245 



PCT/FI2005/000011 



Description of the Invention 



In accordance with the present invention proteins or polypeptides are crystallized in 
solution containing selected polysaccharides of biological origin. Polymers in 
5 accordance with the invention are alginate, dextrin, pectin and chitosan. The 
molecular sizes of the polymers can vary naturally depending on their biological 
origin and purification process. Similar types of polymers which have very varying 
molecular sizes are commercially available. In accordance with general view and 
experience carbohydrates and polysaccharides protect proteins and contribute them 
10 remaining soluble. 



Now it has surprisingly been observed and experimentally proved that these 
polymeric substances can promote crystallization of proteins and peptides or can be 
suitable for using in connection with crystallization. In addition, it has been observed 
15 that these polymers can also be partly hydrolyzed to reduce the molecular size. Using 
polymers in accordance with the invention and hydrolysates thereof, many 
crystallization conditions can be chosen in which various useful objectives can be 
achieved. Different types of polymers can also be appropriately combined. 

20 Several different proteins including glucose-isomerase, insulin, xylanase and 
endoglucanase have been crystallized and blended with polymer solutions in 
accordance with the invention. Therefore it can be concluded that the polymers in 
question can be advantageously used in connection with crystallization of numerous 
different proteins and polypeptides. 

25 



8 



WO 2005/073245 PCT/FI2005/000011 

It is especially interesting and advantageous that small and uniform size crystals can 
be prepared. Such a crystal suspension is preferred for example for accurate dosage. 
Such a crystal suspension is very stable in viscous solution or thixotropic gel. 



5 Smaller molecular size products which are very suitable for protein c rystallization 
have been prepared of these polymers with enzymatic hydrolysis. With hydrolysis 
the viscosity of the polymer solution can be reduced, which is beneficial for example 
when the main objective is to crystallize proteins. If required, more concentrated 
solutions can be prepared from the hydrolysed polymer than from the original 
1 0 polymer. 



Original large molecular polymers are preferable to be used when the objective is a 
gel like product and preventing the sedimentation of the crystals. Polyelectrolyte 
polymers such as alginate and pectin can be gelled by adding appropriate counter- 
1 5 ions, for e xample c alcium. W ith p olymers t he v iscosity o f t he c rystal su spensions 
can be controlled in a wide range. There is plenty of literature of the properties of 
these polymers as mentioned above in prior art. 



Advantages of the method 

20 

Some advantages of the method according to the invention are described in the 
following. 
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Polymers as crystallizing reagents 

These polymers often act as main protein crystallizing reagents, as examples 12-65 
indicate. Crystallization does not occur in pure buffer solution in corresponding 
conditions. 



Medical acceptability 

Polymers are medically acceptable agents. Thus crystalline drug products can be 
prepared, for example, for subcutaneous injection. Crystallization can be performed 
in very low salt concentration. The only salt in the crystallization can be the dilute 
10 buffer solution, for example, phosphate used in adjusting pH. According to the prior 
art polysaccharides have stabilizing effect on proteins. Li the final composition 
according to the invention, the dry-weight content of the polymer is low, usually less 
than 5 per cent by weight. 



15 Advantages in the dosage of the drugs 

The use of the crystalline suspensions usually is complicated or limited by the 
sedimentation of the crystals and the consequential formation of non-homogeneous 
suspensions. The commercial slow release insulin preparations which always have to 
be vigorously shaken prior to use are examples of this. Polymers increase the 
20 viscosity of the solution and thus sedimentation of the crystals on the bottom of the 
vessel can be prevented with them. Thus the drug suspension can be maintained 
homogenous for a long time. 



Advantages in the production and the dosage of industrial enzymes 

25 Several industrial enzymes could be prepared and stored economically in crystalline 
form if the crystals would not sediment. Industrial enzymes can be stored and used 
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very concentrated as crystal suspensions. Thus significant savings are obtained. Now 
the advantages of a crystalline product can be taken into use with the method 
according to the present invention. 



5 Gelling 

If required, the polymer can be gelled prior to the crystallization of the protein, in 
which case the crystallization occurs uniformly even if the batch is kept still. 
Crystallization conditions can be adjusted so that the combining of the two solutions 
produces uniform mixture, wherein both the gel formation and the protein 
10 crystallization occur after combining without new reagent additions. The viscosity of 
the gel can be adjusted to the desired level according to the prior art. The viscosity of 
the g el a ccording t o t he i nvention i s a dequate top revent t he se dimentation o f t he 
crystals but at the same time such that the gel can be fed through a thin capillary with 
moderate pressure. 

15 

Slow solubility 

One of the advantages of the crystalline protein compared to the soluble protein is its 
slower and longer lasting effect due to the solubilization time which it requires. 
Physical and chemical environment and crystal size affect the solubilization rate of 
20 the crystalline protein. If the crystal size is uniform, the solubilization rate is 
predictable and controllable. 



Homogeneous crystal size 

When the crystallization of a protein or a polypeptide is performed in the presence of 
25 soluble or gelled polymer, polymer mixture or polymer hydrolysate, advantageous 
differences compared to conventional solution can be observed in the crystallization 
rate or the crystal size and form. Homogenous nucleation which leads to the 
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formation of uniform crystal size can be brought about with the solution or the gel 
composition according to the invention. 



Preferred embodiment of the invention 

5 

The protein or the peptide to be crystallized is dissolved in buffer salt solution. The 
preferred buffer is for example dilute phosphate, the concentration of which can be 
20-5 0 m M. In t his s olution t he p rotein d oes n ot h ave t o crystallize. O n t he o ther 
hand, the protein can be crystalline at this stage if it is acceptable or preferable for 
1 0 the final product. 

A solution of the polymer according to the invention, for example pectin, dextrin, 
alginate, chitosan, polymer hydrolysate or any mixture thereof is prepared in water. 
The preferred concentration range of the polymer is below 10%. More concentrated 
solutions of the polymers can be prepared of the hydrolysates due to their lower 
15 viscosity. In addition to the polymer the solution can contain an agent which 
facilitates the solubilisation of the polymer, for example, agents such as acetate 
needed for controlling the acidity. 

A uniform mixture is prepared of the solutions of the protein and the polymer. The 
crystallization of the protein occurs thereafter. The batch is stirred continuously if the 
20 viscosity of the mixture is relatively low. If the viscosity is high enough, the batch 
does not need stirring after combining the solutions. 

If desired, an agent which gels the used polymer or adjusts the viscosity on the 
desired level can be added to this mixture. Such an agent can be, for example, some 
divalent cation such as calcium ion. An optional gelling agent can be, for example, a 
25 polymer with different electric charge. For example, chitosan and alginate can fomi a 
suitable polymer pair. 
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A requirement for the crystallization of a protein or a polypeptide is that after mixing 
the b atch t he c onditions a re c ontrolled. T he acidity (pH) o f t he m ixture h as t o b e 
such t hat t he p rotein i n question c an crystallize. T he p referred p H i s d ifferent for 
each protein. The preferred pH value is obtained by using precisely measured buffer 
5 agents in the solutions of the protein and the polymer. The crystallization of the 
protein may require the use of some special reagent. According to this invention the 
polymer itself or a hydrolysate thereof can, in many cases, act alone as the main 
crystallizing agent. 

The following examples illustrate closer the functionality and advantages of the 
10 invention considered from different starting points and aspects. 



Examples 

Example 1. 

Crystallization of human insulin in 1.5% sodium alginate solution 

15 The material to be crystallized was human insulin. This protein is produced by 
expressing human insulin gene in E. coli. Insulin, carrying the Sigma catalogue 
product number I 0259 was delivered by Sigma. Dry insulin was dissolved 21.1 
mg/ml in acid dissolving reagent, which contained 10 mM hydrochloric acid and 3 
mM zinc chloride. 

20 Polymer solution of sodium alginate (Fluka 71238) 3 % (w/w) was prepared in 
water. 50 microliters of 4 M potassium sodium phosphate with pH 5.6 was added in 
450 microliters of this polymer solution. The buffered alginate mixture was stirred in 
a test tube mixer and at the same time 500 microliters of insulin solution with protein 
concentration of 10.6 mg/ml was added. Final conditions in the crystallization batch 

25 were: 1.5% sodium alginate; 0.2 M potassium sodium phosphate and 5.3 mg/ml 
human i nsulin, w hich i s e quivalent to 1 45 i ntemational u nits ( abbreviated IU) p er 
milliliter. The final concentration of hydrochloric acid is then 2.5 mM and that of 
zinc chloride 0.75 mM. Crystallization was performed at room temperature (25°C). 
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Then at first a uniform amorphous white precipitate was formed. The test tube was 
moved to nutation. In approximately two and a half hours the amorphous precipitate 
dissolved and fully crystallized fairly uniform cube-shaped insulin crystal group 
(Fig.l) was formed. The length of the edge of the cube-shaped crystals was typically 
5 1 0-1 5 micrometers by measuring from the photograph (Fig. 1 ). 



Example 2 

Crystallization of human insulin in 1.5% calcium alginate gel 

The crystallizable material was human insulin as in the example 1. The 
10 crystallization was performed so that the calcium alginate gel was formed in the final 
mixture before the crystallization of insulin. 

Dry insulin powder was dissolved in 20% (v/v) acetic acid so that the insulin 
concentration became 16.7 mg/ml. 200 microliters of this solution was diluted by 
adding 85 microliters of water. 70 microliters of 0.1 M calcium chloride was added 
15 to this insulin solution. 

The sodium alginate solution was prepared separately by mixing 1 .5 milliliters of 2% 
(w/w) sodium alginate, 140 microliters of 1 M sodium hydroxide and 5 microliters of 
0.25 M zinc chloride. The insulin solution containing calcium chloride was added to 
the alginate solution at room temperature while stirring properly with magnetic 
20 stirrer, whereupon the calcium alginate gel was rapidly formed. 

The final crystallization conditions were: 1.67 mg/ml insulin, 2% acetic acid, 70 mM 
sodium hydroxide, 0.625 mM zinc chloride, 1.5% sodium alginate, 3.5 mM calcium 
chloride. In this way a clear, fairly homogenous and solid gel which became rapidly 
cloudy was prepared. The gel was allowed to stand still at room temperature for 3 
25 days. Insulin crystallized as small, uniform size needles and needle bunches (Fig. 2) 
in the gel (pH 4.1). The typical thickness of the single crystal needles was 1.5 jum 
and the length 25 |um. The crystals did not sediment in this gel. If the conditions are 
otherwise the same, but sodium alginate is not added, insulin does not crystallize and 
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the solution remains clear. From this it can be concluded that surprisingly alginate 
causes the crystallization of insulin. 



Example 3 

5 Crystallization of human insulin in 0.9% calcium alginate gel 

The crystallizable material was human insulin as in the example 2. The 
crystallization was performed in calcium alginate gel. 

Insulin powder was dissolved in 20% (v/v) acetic acid so that the insulin 
concentration became 16.7 mg/ml. 85 microliters of water and 70 microliters of 0.1 
10 M calcium chloride were added to 200 microliters of this solution. This solution was 
mixed in 1.645 milliliters of solution containing 85.1 mM sodium hydroxide and 
0.76 mM zinc chloride, whereupon the pH of the solution became 4.0. 

The mixture was made to a gel by adding 900 microliters of 3% (w/w) sodium 
alginate solution while stirring with magnetic stirrer. The final crystallization 
15 conditions were: 1.15 mg/ml insulin, 1.4% acetic acid, 48 mM sodium hydroxide, 
0.431 mM zinc chloride, 0.9% sodium alginate, 2.4 mM calcium chloride. 

The formed gel was cloudy and less viscous than in the example 2. The gel was 
allowed to stand still at room temperature for 3 days. Insulin crystallized as small, 
uniform size needles and needle bunches (Fig. 3) in the gel. The typical thickness of 
20 the single crystal needles was 1.5 \im and the length 25 jum. Crystals did not 
sediment in this gel. 

Example 4 

Crystallization of porcine insulin in 0.45% (w/w) chitosan pH 5.0 

25 Porcine insulin (Calbiochem) was used as the crystallizable material. As in the 
example 1, 49 mg of dry insulin powder was dissolved in 4 milliliters of acid 
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dissolving reagent which contained 10 mM hydrochloric acid and 3 mM zinc 
chloride. 0.9% (w/w) chitosan solution was prepared in 0.28 M acetate buffer with 
pH 5. The supplier of chitosan was Sigma, in which catalogue insulin has a product 
number C-3646. 

5 1 milliliter of dissolved porcine insulin was added to 1 milliliter of chitosan solution 
while stirring all the time with a test tube mixer. After the addition the test tube was 
transferred to continuous nutation at room temperature. The final conditions in the 
crystallization batch were: 0.45% (w/w) chitosan, 0.14 M sodium acetate pH 5 and 
6.1 mg/ml porcine insulin. The final concentration of hydrochloric acid was 5 mM 
10 and that of zinc chloride 1.5 mM. As a result a lot of small rod-shaped crystals were 
obtained after 24 hours. The crystal yield of the batch was 92.7% of the total amount 
of insulin. By measuring in the photograph (Fig. 4) the typical length of the crystals 
was in the range of 5-10 micrometers and the thickness in the range of 0.5-1 
micrometers. 

15 

Example 5 

Crystallization of porcine insulin in 0.35% (w/w) chitosan pH 5.6 

A solution of porcine insulin similar to the solution in the example 4 was used in this 
example. 0.9% (w/w) chitosan solution was prepared in 0.66 M acetate b uffer pH 
20 5.6. 

100 microliters of dissolved porcine insulin was added to 100 microliters of chitosan 
solution prepared like this while stirring with a test tube mixer. The final conditions 
in the crystallization batch were: 0.35% (w/w) chitosan; 0.33 M sodium acetate pH 
5.6 and 6.1 mg/ml porcine insulin. The final concentration of hydrochloric acid was 
25 5 mM and that of zinc chloride 1.5 mM. A lot of cube-shaped crystals were formed 
in this experiment (similar to figure 1) in 24 hours. The crystal yield determined by 
solubility measurement was 98.8%. 
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Example 6 

Crystallization of human insulin in 0.45% chitosan pH 5.0 

The same human insulin as in the example 1 was used in the experiment. The powder 
was dissolved in the same way so that the concentration became 2L1 mg/ml. 0.63% 
5 (w/w) chitosan solution was prepared in 0.1 M acetate pH 5.0. 

The crystallization batch was prepared by mixing 355 microliters of the chitosan 
solution and 145 microliters of the insulin solution. The final conditions became: 
0.45% chitosan, 0.07 M sodium acetate pH 5.0 and 6.1 mg/ml insulin. The final 
concentration of hydrochloric acid was 2.9 mM and that of zinc chloride 0.9 mM. As 

10 a result a lot of hourglass- and cone-shaped crystals (Fig. 5) which were formed 
during 24 hours were obtained. The typical length of the hourglass-shaped crystals 
was 50 jam and the size of the smaller crystal cones was in the range of 10-25 |um. 
From this it can be observed that chitosan affects surprisingly in the mechanics of the 
crystal growth consequently producing crystals with completely different shape than 

1 5 those seen after using the methods of prior art. 



Examples 7 and 8 

Crystallization of porcine insulin in the mixtures of chitosan and sodium 
alginate: 

20 Example 7 

The crystallizable material was porcine insulin. The crystallization was performed in 
the gel formed by the mixture of chitosan and alginate. 

Dry insulin powder was dissolved in the solution containing 0.1 M acetic acid and 3 
mM zinc chloride so that the insulin concentration became 12.4 mg/ml. 500 
25 microliters of 1% (w/w) chitosan solution in 0.1 M acetic acid was added to 300 
microliters of this solution. 700 microliters of 1.3% (w/w) sodium alginate solution 
was added immediately to this mixture of insulin and chitosan while stirring properly 
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with magnetic stirrer. In this way a readily flowing clear gel (pH 4.3) was prepared. 
The gel was allowed to stand still at room temperature for 3 days whereupon insulin 
crystallized as small needles, the thickness of which was 2-3 jum and the length 30- 
50 jam. The final crystallization conditions were: 2.5 mg/ml insulin, 0.3% chitosan, 
5 0.6% sodium alginate, 53 mM acetic acid, 0.6 mM zinc chloride, pH 4.3. 



Example 8 

The crystallizable material was porcine insulin as in the example 7. In this example 
the concentration of chitosan was significantly higher and that of alginate lower than 
10 in the example 7. 

The crystallization was performed by mixing two solutions (1) and (2): 

Solution (1): 1.4 mg/ml insulin, 0.89% (w/w) chitosan, 0.1 M acetic acid, 0.34 mM 
zinc chloride. Solution (2): 3.6% (w/w) sodium alginate, 0.48 M sodium hydroxide. 

4500 microliters of solution (1) was added to 457 microliters of solution (2) which 
15 was stirred thoroughly at the same time. In this way a cloudy gel was prepared which 
was allowed to stand still at room temperature over night. Insulin crystallized in the 
gel as small cube- and prism-shaped crystals, the diameter of which was 10-15 jum 
(Fig. 6). The final crystallization conditions were: 1.3 mg/ml insulin, 0.8% chitosan, 
0.2% sodium alginate, 91 mM acetic acid, 44 mM sodium hydroxide, 0.3 mM zinc 
20 chloride, pH 5.3. 



Examples 9 and 10 

Crystallization of porcine insulin in the gel formed by glycine and chitosan 
Example 9 

25 The crystallizable material was porcine insulin. The crystallization was performed in 
the gel formed by glycine and chitosan. Insulin was dissolved in the solution of 0.1 
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M acetic acid and 3 mM zinc chloride so that the insulin concentration became 12.4 
mg/ml. 1.5 milliliters of 1% (w/w) chitosan solution in 0.1 M acetic acid was added 
to 300 microliters of this insulin solution. 

500 m icroliters o f b uffer c ontaining 1 .05 M g lycine and 0 .2 M s odium hydroxide 
5 (pH 9.0) was added to this solution of insulin and chitosan while stirring properly, 
whereupon the pH of the solution was 5.5. The formed viscous gel solution was 
stirred until it was clear and uniform. Thereafter it was allowed to stand still at room 
temperature, at which time it remained clear for several hours. The next day insulin 
had c rystallized asp rism c rystals w ith t he d iameter o f approximately 20 jam. T he 
10 final crystallization conditions were: 1.61 mg/ml insulin, 0.65% chitosan, 78 mM 
acetic acid, 0.391 mM zinc chloride, 228 mM glycine, 43 mM sodium hydroxide. 



Example 10 

The example 9 was repeated exactly similarly in chemical composition. In this 
15 example the crystallization batch of insulin was stirred vigorously, whereupon it 
turned rapidly cloudy. As a result fairly small prism crystals of insulin with diameter 
of 4-5 pm were obtained (Fig. 7). The examples 9 and 10 demonstrate that the 
crystal size in gel can be significantly affected by stirring. 



20 Examples for crystallizing other proteins with polymers 
Example 11 

Crystallization of glucose-isomerase in pectin 

The crystallizable material was very pure glucose-isomerase diafiltrated in water, the 
systematic name of which is D-xylose ketol-isomerase EC 5.3.1.5. The 
25 crystallization was performed in calcium pectin gel as follows: 1 milliliter of solution 
of glucose-isomerase (57 mg/ml) in water was pipetted in a test tube. 200 microliters 
of 0.5 M Tris-HCl buffer pH 7.0 and 800 microliters of 4% (w/w) pectin solution 
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(pectin from citrus peel, Fluka) were mixed in the solution. A clear, homogenous and 
fairly solid gel was prepared of the solution of pectin and glucose-isomerase by 
mixing 500 microliters of 1 M calcium chloride in it. The gel was transferred to cold 
(5°C), where it was allowed to stand still. 

5 

The gel became cloudy within 30 minutes. When observed with microscope, it was 
noticed that glucose isomerase had crystallized as uniform size rod-shaped crystals. 
The crystallization was allowed to proceed over night. Photograph (Fig. 8) is taken 
20 hours after the start and in it the crystals have average length of 25 jam. The final 
10 crystallization conditions were: 23 mg/ml glucose-isomerase, 40 mM Tris-HCl pH 7, 
1.3 % pectin, 200 mM calcium chloride. The crystals do not sediment in this gel. 

The crystallization of glucose-isomerase is significantly slower and the formed 
crystals are larger polygons (Fig. 9) if pectin has not been added. Without calcium 
chloride glucose-isomerase does not crystallize in corresponding conditions. 

15 

Examples 12-38 

Crystallization of glucose-isomerase in alginate and alginate hydrolysate 

The alginate hydrolysates suitable as crystallization reagents were prepared with an 
enzymatic method. The product data of the enzyme used in the example: the name of 

20 the enzyme is alginate-lyase, the activity 2630 U/g, production organism 
Flavobacterium multivolum, supplier Sigma, product number A 6973. A water 
solution of sodium alginate 8% (w/w) was hydrolyzed with alginate lyase at 40 
degrees temperature for 20 hours. The hydrolysis was performed to different degrees 
by using various amounts of enzyme in relation to alginate. The enzyme amounts 

25 were 0.9 mg — 9.5 mg per gram alginate. Hydrolysis was stopped by boiling the 
mixtures in water bath for 20 minutes. Thereafter the hydrolysates were filtered with 
paper to remove the solid matter. The alginate hydrolysates prepared like this were 
used as solutions having various concentrations to crystallize proteins with the 
microdif fusion method. 
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The crystallizable material was very pure glucose-isomerase diafiltrated in water. 
The crystallization was performed with the microdiffusion method at the temperature 
of +5°C by first mixing the reagents so that their concentrations were half of what is 
reported as a final concentration in the following tables. During each experiment 
5 both the protein and the polymer are concentrating due to evaporation of water so 
that the final concentration reported in the table is obtained. The initial volume of 
each experiment was 10 microliters and the final volume 5 microliters. Due to this 
concentrating the conditions change to favorable for protein crystallization. 

These examples produced many-sided (for example Fig. 9) or double-pyramid- 
1 0 shaped crystals typical for glucose-isomerase. A similar process can be repeated, if 
desired, in larger scale by evaporating or with some other usual water removing 
method. 
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Table 1. Examples 12-38 
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Examples 39-41 

Crystallization of glucose-isomerase with pectin 

The same glucose-isomerase as in the examples 12-38 was used as the crystallizable 
protein. The crystallization was performed with the microdiffusion method as in the 
5 examples 12-38. 

The crystals with 4% pectin (pectin from citrus peel, Fluka) were formed at room 
temperature. The crystals with lower pectin levels 1% and 2% were formed at the 
temperature of 7 degrees. These examples demonstrate that glucose-isomerase can be 
crystallized by using pectin alone as a crystallization reagent. In the same conditions 
10 in 20 mM phosphate buffer pH 7 without pectin glucose-isomerase does not 
crystallize. 



Table 2. Examples 39-41 



Example No 


Final concentration of 

glucose-isomerase 

mg/ml 


Concentration 
of pectin 

% 


20 mM 

phosphate 

pH 


Result 


39 
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Examples 42-47 

Crystallization of xylanase in hydrolysates of alginate 

Xylanase was used as the crystallizable material. This xylanase is produced with 
Trichoderma sp organism and is known in the literature by the systematic name of 
5 endo-l,4-B-xylanase EC 3.2.1.8. The crystallization was performed with the 
microdiffusion method at temperature of 5 degrees in hydrolysates of alginate as in 
the examples 12—38. Xylanase does not crystallize in corresponding conditions 
without the hydrolysate of alginate. Photograph (Fig. 10) presents typical crystals of 
xylanase prepared in these examples. The typical crystals are relatively thin plates, 
10 which have the thickness of 5-10 jam and length of edges 200-300 Jim. 



Table 3. Examples 42 47 



Example 


Final 


Concentration 


Hydrolysis 


50 mM 


Result 


No 
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of alginate 


degree 


phosphate 
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Fig. 10 
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Examples 48-65 

Crystallization of glucose-isomerase with hydrolysates of pectin 

A solution of 2% (w/w) pectin was prepared in water. This solution was hydrolyzed 
at the temperature of 40 °C to different hydrolysis degrees with pectinase enzyme 
5 (Genencor International, Multifect PL) by relating the amount of enzyme to pectin 
dry matter. Two batches were prepared with different degrees of hydrolysis, the other 
was hydrolyzed only p artly a nd the other nearly to the end. The enzyme amounts 
were 0.01 mgandO.l mg p er gram p ectin. H ydrolysis w as s topped b y b oiling i n 
water bath for 20 minutes. The pectin solution was filtered clear, cooled and freeze- 
10 dried. 

The pectins hydrolyzed this way were used in different concentrations to crystallize 
glucose-isomerase. In corresponding conditions without hydrolysates of pectin 
glucose-isomerase does not crystallize. The crystallization examples were performed 
as microdiffusion experiments at the temperature of 6 °C. The crystals prepared in 
15 the experiments were prisms of good quality, the typical edge lengths of which were 
100-200 micrometers. The shape of the crystals appears illustratively in the 
photograph (Fig.l 1). 
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Examples 66-79 Crystallization of human insulin in hydrolysates of pectin 



The crystallization examples were performed as microdiffusion experiments at room 
temperature with the same technique as the examples 12-38. ha many experiments 
the crystals were formed as soon as in approximately one hour after pipetting in other 
5 words before equilibrium state. Thus the conditions at the crystallization moment 
resembled more a batch experiment than a microdiffusion experiment. The crystals 
were either small needles and needle bunches or prisms. The typical measures of the 
crystals presented in the photograph (Fig. 12) were the following: the thickness 1-2 
fim and the length 20-30 ]um. 

10 

Table 5. Examples 66-79 
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Fig. 12 
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Crystallization of insulin with dextrin, pectin and the mixture of sodium 
alginate and pectin 

Human insulin was used as the crystallizable protein in the following examples. The 
5 solution contained 4 mg/ml insulin, 2.5 mM HC1 and 0.75 mM ZnCl 2 . The 
crystallization examples were performed as microdiffusion experiments at room 
temperature. Dextrin prepared of com starch was a product of Fluka no 31412. 
Sodium alginate and pectin were the same as in the examples 1 and 39-41. Insulin 
was crystallized with dextrin as plate-shaped crystals whereas the pectin containing 
10 solutions crystallized insulin in needle-shaped crystal form. 



Table 6. Examples 80-84 



Example 
No 


Final 

concentration 
of insulin 
mg/ml 


Crystallizing 
polymer and 
concentration % 


40 mM 

phosphate 

pH 
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needles 
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The viscosity of the gels containing crystals 

It is a very useful property that the formed mixture of the polymer and the crystals 
has thixotropic viscosity type. This means that the viscosity of the solution decreases 
5 when the shear force increases. From this it follows that when the mixture is stored 
in a still container, it turns very rapidly into a solid gel, in which the crystals do not 
sediment. When the mixture is dosed and pumped, it turns into liquid-form and 
manageable with relatively low force. These properties become apparent in the figure 
(Fig. 13), in which the mixtures according to the examples 85 and 86 have been 
10 pumped with different pressures through a capillary tube. In the figure it becomes 
apparent that when increasing the pressure the flow rate of the sample through the 
capillary increases sharply. The flow rate of glycerol which was used as a reference 
substance increases linearly with increasing pressure. This means that the viscosity 
of glycerol remains constant in the conditions used in this example. 

15 According to the handbook (CRC Handbook of Chemistry and Physics, 1994 CRC 
Press. Inc.) viscosity of glycerol at room temperature is 934 mPa s. Viscosity of the 
crystal suspensions at different flow rates was calculated on the basis of viscosity of 
the reference substance and the figure (Fig. 14) was drawn on the basis of these 
results. This figure shows illustratively that the viscosity of the example suspensions 

20 decreases very sharply when the flow rate increases. 

The examples 87 and 88 were prepared so that as high crystal concentration as 
possible was obtained and that at the same time such a mixture was obtained which 
can be pumped through a thin capillary, for example, an injection needle. The highest 
concentration of the protein crystals is essentially determined by the liquid content of 

25 the crystals. According to the literature it is known that the crystals of different 
proteins and peptides contain significantly different amounts of mother liquor, 
usually water and buffer salts dissolved in water. One gram of solid crystal mass of 
endoglucanase can contain at the most 358 nig of protein. Therefore the most 
concentrated solutions of this protein that can be pumped or injected are inevitably 

30 more dilute than this. In the examples 87 and 88 samples were prepared, which 
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contained 255 mg and 272 mg of endoglucanase in a milliliter of crystal mixture. 
Surprisingly it could be observed that the flow rates of these suspensions with low 
pressures were of the same order than in the examples 85 and 86, in which there was 
only 17.5 mg per milliliter of endoglucanase. These suspensions were thus very 
5 easily injectable. However, the suspensions turned into solid gels within an hour after 
the stirring was stopped. The gels can be turned fluid again by stirring with very low 
force 

The examples 87 and 88 demonstrate that when the concentration of the protein 
crystals is increased, the requirements for gelling agent calculated for the whole 
10 mixture is decreasing. This can be understood so that the polymer can exist only in 
the liquid space between the crystals which reduces when the proportion of the 
crystals increases. 



Example 85 

15 This example describes a gel prepared of crystalline endoglucanase (endo-l,4-f3- 
glucanase, or 1,4-(1,3; l,4)-fi-Z)-Glucan 4-glucanohydrolase, EC 3.2.1.4, produced 
with Melanocarpus albomyces fermentation) and alginate, which can be run with 
small pressure through a very thin capillary (Fig. 13). 

The gel was prepared by mixing three solutions together as follows: 
20 1) 1 ml of 3% sodium alginate, as in the example 1 

2) 2 ml of crystal suspension of endoglucanase (35 mg/ml) in 5 mM Na-acetate 
buffer pH4.1 

The solutions 1) and 2) were mixed together to a uniform crystal suspension. 

3) 1 ml of 14 mM CaOb was added to the above mixture gradually and mixing 
25 vigorously at the same time. 
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The crystal suspension prepared like this is gel-like and very stable. The crystals did 
not sediment on the bottom of the container during the 2 weeks observation period. 
Despite being gel-like the suspension can be easily stirred and pumped through a 
capillary tube. The gel turns into very fluid with minor stirring force. The suspension 
5 was pumped through a steel tube with the inner diameter of 0.48 mm and the length 
of 42 mm. When using the pressure of 200 millibars, the flow rate of 734 jxl/min was 
achieved, which is 400 cm/min when converted to linear flow. 

The mixture according to the example containing crystalline enzyme remains 
uniform suspension due to it being gel-like, but it is nevertheless efficiently and 
1 0 easily pumped through even a thin tube. 



Example 86 

This example is similar to the above example 85 in its embodiment. Only the CaCl 2 
concentration was changed to higher: 

15 The gel was prepared by mixing three solutions together as follows: 

1) 1 ml of 3% sodium alginate 

2) 2 ml of crystal suspension of endoglucanase (35 mg/ml) in 5 mM Na-acetate 
buffer pH 4. 1 

The solutions 1) and 2) were mixed together to a uniform crystal suspension. 

20 3) 1 ml of 1 6 mM C aCl 2 was added to the above mixture gradually and mixing 
vigorously at the same time. 

The crystal suspension prepared like this is gel-like and very stable like the 
suspension in the above example. However, this solution had higher viscosity than in 
the example 85, which becomes apparent in the capillary tube experiment. The 
25 suspension was pumped through a steel tube with the inner diameter of 0.48 mm and 
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the length of 42 mm. When using the pressure of 200 millibars, the flow rate of 531 
pl/min was achieved, which is 290 cm/min when converted to linear flow (Fig. 13). 



Example 87 

5 Concentrated crystal suspension in the alginate gel 

An alginate gel was prepared by mixing 10 ml of 1.5% sodium alginate and 10 ml of 
7 mM CaCl2. The crystals of endoglucanase in 5 mM Na-acetate buffer pH 4.1 were 
filtered in vacuum filter so that all the free buffer solution was removed and a solid 
crystal mass was formed. The protein concentration of the crystal mass was 358.2 mg 
10 / 1000 mg based on the dry-matter determination. 

2.042 g of crystal mass of endoglucanase and 0.418 g of alginate gel were mixed 
together thoroughly. A uniform milk-like crystal suspension which was gel-like and 
very stable was prepared like this. The endoglucanase concentration of the mixture 
was determined to be 272 mg/ml. The concentration of alginate in the mixture was 
15 0.14%. The suspension was pumped through a steel tube with the inner diameter of 
0.48 mm and the length of 42 mm. When using the pressure of 198 millibars, the 
flow rate of 3 12 jxl/min was achieved. 



Example 88 

20 Concentrated crystal suspension in the alginate gel 

2.076 g of crystal mass of endoglucanase and 0.592 g of alginate gel were mixed 
together thoroughly as in the example 87. A uniform milk-like crystal su spension 
which was gel-like and very stable was prepared like this. The endoglucanase 
concentration of the mixture was determined to be 255 mg/ml. The concentration of 
25 alginate in the mixture was 0.18%. The suspension was pumped through a steel tube 
with the inner diameter of 0.48 mm and the length of 42 mm. When using the 
pressure of 208 millibars, the flow rate of 471 jul/min was achieved. 
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